In December 2019, a novel coronavirus, SARS-CoV-2, caused a pneumonia epidemic in Wuhan, Hubei province of China. It erupted in many other countries in the following months and eventually became a worldwide pandemic. The pneumonia was officially named COVID-19 by World Health Organization (WHO) \[[@bib1]\]. So far, the pandemic is still accelerating. More than 4.3 million people were confirmed infected, 290,000 more people died globally \[[@bib2]\], and the virus transmission is expected to last for more than one year \[[@bib3]\]. At the same time, other types of coronaviruses and influenza viruses, which have been widespread in the world, may invade human society again during this winter or in other circumstances, circulating together with the SARS-CoV-2 and causing more serious respiratory diseases \[[@bib4],[@bib5]\]. It is necessary to investigate whether the simultaneous prevalence of SARS-CoV-2 and other respiratory viruses, such as IAVs, can promote the spreading of each other. In addition, because the clinical symptoms caused by CoVs and IAVs infection are very similar to each other \[[@bib6]\], it will bring further challenges to clinicians in the timely diagnosis and treatment of patients. This article will summarize and compare the epidemic characteristics, clinical symptoms, treatment, and prevention measures for the diseases which are caused by CoVs or IAVs respectively, hoping to provide a brief comparative information for the clinicians and researchers who are working in the related fields.

1. Viruses {#sec1}
==========

CoVs are enveloped, single strand positive-sense RNA viruses with a genome consisting of 26 to 32k nucleotides, expressing 16 nonstructural proteins (nsp1 to nsp16) and four structural proteins, such as spike (S protein), membrane, envelope, and nucleocapsid proteins \[[@bib7]\]. As shown in [Fig. 1](#fig1){ref-type="fig"} A, S protein is located on the surface of virus particles, which plays a key role in virus entry into host cells, and is also one of the major targets of antiviral drugs and neutralizing antibodies \[[@bib8], [@bib9], [@bib10], [@bib11]\]. CoVs are divided into four genera which belongs to Coronaviridae, alpha, beta, delta and gamma CoVs. So far, there are seven CoVs causing human diseases, including three highly pathogenic CoVs (HPCoVs) (SARS-CoV-2, MERS-CoV, and SARS-CoV) and four normal human CoVs (abbreviated as HCoVs) (HCoV229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1) \[[@bib12]\]. HCoV-229E and HCoV-NL63 belong to the alpha genus, while the other 5 CoVs belong to the beta genus. The genes of S protein from the three HPCoVs form 3 clusters, as shown in the polygenetic tree in [Fig. 1](#fig1){ref-type="fig"}A. Compared with MERS-CoV, the S protein gene of SARS-CoV-2 is a little bit closer to SARS-CoV, as reported they are sharing about 50% identity \[[@bib13]\].Fig. 1Spike proteins and life cycles of CoV and IAV. 3D models of CoV with spike protein genes based polygenetic tree (A) and summary diagram of the CoV life cycle (B). (C) IAV with HA protein genes based polygenetic tree and (D) summary diagram of IAV life cycle. Both neighbor-joining trees are generated by using ClustalX 1.83 and MEGA7 with the full length of glycoprotein genes downloaded from GenBank. The year in the brackets indicates that the time of the virus was reported first.Fig. 1

CoVs replication only occurs in the cytoplasm. As show in [Fig. 1](#fig1){ref-type="fig"}B, virus binds to its receptor angiotensin-converting enzyme 2 (ACE2) (SARS-CoV-2, SARS-CoV, and HCoV-NL63), dipeptidyl peptidase-4 (DPP4) (MERS-CoV), 9-O-Acetylated sialic acid (HCoV-OC43), or human aminopeptidase N (CD13) (HCoV-229E) \[[@bib14]\], and entry into the cell by direct membrane fusion or endocytosis, in which the virus membrane fusing with cell membrane or endosome membrane and releasing viral RNA, then the virus positive-sense RNA was used as a template to synthesize negative-sense genomic RNA, this was template again to transcript mRNAs and also to replicate progeny positive-sense RNA. Viral proteins were translated by mRNAs through the endoplasmic reticulum and Golgi apparatus system for packaging into mature viral particles with the progeny RNA in the cytoplasm. Then the virions was transported to cell membrane and released by exocytosis \[[@bib7],[@bib15]\].

Similar to CoV, IAV is also an enveloped virus, with genome of a single strand but negative-sense RNA, which is divided into eight segments, encoding 12 proteins, including PB2, PB1, PB1--F2, PB1 N40, PA, NP, HA, NA, M1, M2, NS, and NEP/NE2, respectively \[[@bib16]\]. As shown in [Fig. 1](#fig1){ref-type="fig"}C, haemagglutinin (HA) and neuraminidase (NA) are distributed on the surface of virus particles, which are the basis for subtype classification of IAVs and also play important roles during the process of virus invasion and mature virus releasing \[[@bib17],[@bib18]\]. Like S protein of CoVs, HA and NA are very important targets of antiviral drugs and vaccines \[[@bib19], [@bib20], [@bib21]\]. In recent 30 years, three subtypes of IAVs, including H1N1pdm09 virus causing 2009 flu pandemic \[[@bib22]\], and two highly pathogenic avian viruses, H5N1 and H7N9 viruses, had caused severe respiratory diseases and resulted in thousands of deaths or high mortality in humans \[[@bib23],[@bib24]\]. The majority subtype of seasonal IAVs is H3N2 \[[@bib25]\]. The polygenetic tree in [Fig. 1](#fig1){ref-type="fig"}C displays the three clusters of HA genes. They show a distinct difference from each other, with the HA gene of H5N1 virus generating more mutations during its transmission as reported \[[@bib26]\].

Compared to CoV, there are two major differences in the life cycle of IAV. First, the IAV needs to replicate its genome in the nucleus. Secondly, the virions are released by assembly and budding from cellular membrane. As illustrated in [Fig. 1](#fig1){ref-type="fig"}D, IAV binds to receptor α-2,3-linked sialic acid (H7N9 and H5N1) or α2,6-linked sialic acid (H1N1 and H3N2) to form endosome and enters into cell, and the viral RNA was released into the cytoplasm by viral-endosome membrane fusion. Then the viral RNA is imported into the nucleus, and once there starts both virus RNA transcription and replication. After mRNAs and progeny negative-sense RNAs are exported to cytoplasm, the proteins are translated and trafficked to the cell membrane into packaged RNAs. The mature virus then buds from the cells \[[@bib27]\].

2. Transmission {#sec2}
===============

For the spread of viruses, there are no borders between countries as more and more interactions and cooperation were established worldwide. Since the CoVs and IAVs were identified as the major pathogens for respiratory diseases in last century, they have traveled to many corners of the world \[[@bib28],[@bib29]\]. The transmission and infectivity related information of these viruses were summarized in [Table 1](#tbl1){ref-type="table"} . There are two seasonal flu viruses included, HCoVs and H3N2 IAV (HCoVs represents four CoVs that cause seasonal cold, HCoV229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1, for convenience in following discussion, they will be denoted as one CoV in this article.). They usually cause moderate clinical symptoms and spread globally \[[@bib28],[@bib30]\]. The rest of six viruses either show high pathogenicity or are highly transmissible, which could cause much danger for human society. These viruses are called here as HPHTs, which stands for high pathogenicity or highly transmissible viruses. Of the HPHTs, the spread of SARS-CoV-2 is accelerated due to its ability to transmit through airborne droplets during the incubation period \[[@bib31]\]. That it may also transmit between human and animals becomes another challenge in the control of the pandemic \[[@bib31]\]. Another two viruses, MERS-CoV and SARS-CoV, reported in 2012 and 2003 respectively, caused mortalities of 35% and 9% in patients respectively. Their transmission mostly started after the patients started showing clinical symptoms \[[@bib15],[@bib32]\]. Therefore, they could not travel in humans too long before being discovered and controlled. All ages of people were susceptible to these 3 CoVs, but senior people were more likely to be infected with SARS-CoV-2 and develop more severe clinical symptoms, while mostly younger people were infected with SARS-CoV \[[@bib33],[@bib34]\].Table 1A summary of transmission of CoVs and IAVs.Table 1VirusesFirst circulatedTransmitted by contact viaSusceptible ageInfected peopleInfected countriesMortalityIntermediate hostReferencesHuman to humanHuman to animalAirborne droplets**Highly pathogenic or highly transmissible**SARS-CoV-22019YesNA[b](#tbl1fnb){ref-type="table-fn"}YesMost were seniorAbove 2 million by May 30 of 2020GlobalAbout 7% by May 12 of 2020NA\[[@bib31],[@bib33],[@bib44],[@bib45]\]MERS-CoV2012RarelyYesYesAll ages2468 by November of 201927About 35%Dromedary camel, bat\[[@bib15],[@bib32],[@bib34]\]SARS-CoV2003YesYesYesMost were younger8447329%Palm civet, bat\[[@bib15],[@bib33],[@bib46]\]H7N9 IAV2013RarelyYesYesMost were senior1568 by December of 2019Mainly in china37%Avian\[[@bib42],[@bib47]\]\
\[[@bib48]\]H1N1pdm092009YesYesYesMost were youngerAbove 200 millionGlobal0.001%--0.007%Swine\[[@bib36],[@bib49]\]\
\[[@bib50]\]H5N1 IAV1997RarelyYesYesMost were younger861 (2003--2020)17 (2003--2020)53%Avian\[[@bib41],[@bib49]\]\
\[[@bib51]\]**Seasonal**HCoVs[a](#tbl1fna){ref-type="table-fn"}1966YesYesYesAll agesup to 20% of cold casesGlobalNABat, mice, cattle, palm civet\[[@bib14],[@bib28],[@bib52], [@bib53], [@bib54]\]H3N2 IAV1968YesYesNAMost were seniorNAGlobalNASwine\[[@bib29],[@bib30],[@bib49],[@bib54]\][^2][^3]

Some subtypes of IAVs also resulted in pandemic and caused large number of death tolls. Besides the well documented Spanish flu in 1918, H1N1pdm09 virus spread to 214 countries one year after it appeared in USA in 2009 \[[@bib35]\]. It was noticed that the virus caused more deaths in people who are younger than 65 \[[@bib36]\]. Some scientists deduced that the senior people may carry the immune memories from those induced by 1918H1N1-like flu viruses in their early years, which cross protected them from the H1N1pdm09 virus attack \[[@bib37]\]. However, the fact is that the 1918H1N1 virus also caused more deaths in younger people \[[@bib38]\]. H7N9 and H5N1 viruses were limited in transmission due to the similar reason mentioned above with MERS-CoV and SARS-CoV. However, the mortality of H7N9 is as high as 37%, and H5N1 is 53% \[[@bib39],[@bib40]\]. Nevertheless, the high pathogenicity and high mortality make them easier to be identified and controlled at the beginning of the break. Although H7N9 and H5N1 viruses transmitted in humans ineffectively, their geographic expansion and genetic recombination still suggested the potential of forming the next pandemic \[[@bib41],[@bib42]\].

As listed in [Table 1](#tbl1){ref-type="table"}, people are easily infected with CoVs or IAVs through direct contact and airborne droplets \[[@bib43]\]. Since most of these viruses are of animal origin or use animals as intermediate hosts \[[@bib29],[@bib31]\], it is necessary to keep a safe distance between humans and wild animals, as well as maintaining ecological balance in the world to prevent the breaking of epidemics in future.

3. Clinical symptoms and diagnosis {#sec3}
==================================

The major clinical symptoms are summarized in [Table 2](#tbl2){ref-type="table"} . With the overview of the 8 viruses, the average incubation periods of the three HPCoVs are about 5 days or more, which are a little longer than other viruses. At the early stage of disease onset, the cases with the infection of different viruses mostly developed the same clinical symptoms \-- cough and fever. However other clinical symptoms were various, such as myalgia which was common in HPCoVs, H1N1pdm09, and H3N2 IAV infection. Dyspnea was present in HPHTs infection, but not common in seasonal virus infections. Diarrhea was usually observed in patients with MERS and SARS, but not common in the other virus infections.Table 2Major clinical symptoms of the CoVs and IAVs.Table 2VirusesHighly pathogenic or highly transmissibleSeasonalSARS-CoV-2MERS-CoVSARS-CoVH7N9 IAVH1N1pdm09H5N1 IAVHCoVsH3N2 IAVIncubation period (day)Average 5.2Average 5.2Average 4.6Average 52 to 72 to 52 to 5NA[f](#tbl2fnf){ref-type="table-fn"}**Early stage of onset**Sore throat--[c](#tbl2fnc){ref-type="table-fn"}±±--＋±＋＋Cough＋[d](#tbl2fnd){ref-type="table-fn"}＋＋＋＋＋＋＋Fever＋＋＋＋＋＋＋＋Myalgia＋＋＋±＋±±＋Dyspnea＋＋＋＋＋＋±--Nausea and/or vomiting±[e](#tbl2fne){ref-type="table-fn"}20%--35%20%About 13%25%±--±Diarrhea±＋＋About 13%25%±±±**Later stage of onset**Bilateral pneumonia＋＋＋＋＋＋±NAGround glass pneumonia＋＋＋＋±----NAHepatic injury±＋＋＋±＋--NAKidney injury＋＋＋＋＋＋--＋Heart failure＋----±±＋--NAARDS[a](#tbl2fna){ref-type="table-fn"}＋＋＋＋＋＋--NALDH increase[b](#tbl2fnb){ref-type="table-fn"}＋＋＋＋＋＋--NALymphocytopenia＋＋＋＋＋＋--＋Critical patient ratio10.0--30.6% ICU50% ICU25% ICU\>70%25%63%3.17%0.40%Onset to critical (day)105773 to 52NANAReferences\[[@bib55], [@bib56], [@bib57], [@bib58]\]\[[@bib34],[@bib59], [@bib60], [@bib61]\]\[[@bib52],[@bib62], [@bib63], [@bib64], [@bib65]\]\[[@bib66], [@bib67], [@bib68], [@bib69]\]\[[@bib70], [@bib71], [@bib72], [@bib73], [@bib74]\]\[[@bib75], [@bib76], [@bib77]\]\[[@bib78], [@bib79], [@bib80]\]\[[@bib81], [@bib82], [@bib83], [@bib84]\][^4][^5][^6][^7][^8][^9]

At the late stage of disease onset, compared with the seasonal viruses, all of the HPHTs can result in similar severe clinical symptoms, such as bilateral pneumonia, kidney damage, acute respiratory distress syndrome (ARDS), lactate dehydrogenase, and lymphocytopenia. In addition, three HPCoVs and H7N9 IAV infection usually showed ground glass pneumonia. MERS-CoV, SARS-CoV, H7N9 IAV, and H5N1 IAV caused more hepatic injury. SARS-CoV-2 and H5N1 IAV meanwhile caused more heart failure. The critical patient ratio of the HPHTs infection can be 10%--70% after 2--10 days of the disease development.

To detect the causative viruses, similar measures were applied for CoVs and IAVs. The specimen can be swabs, blood, or trachea extracts. Then the viral RNAs can be directly identified by reverse transcription polymerase chain reaction (RT-PCR) based methods, and the virus specific antibodies can be detected with enzyme-linked immunosorbent assay (ELISA) or related serological methods. More detailed information has been summarized in the previous publication \[[@bib13]\]. In order to deal with the simultaneous transmission of IAVs and CoVs, especially the new coronavirus, it is necessary to develop rapid and simple differential diagnosis technologies and methods for identification of IAVs and CoVs.

4. Pathological change {#sec4}
======================

Both CoVs and IAVs can cause ARDS and lead to multiple organ failure and death. The published pathological data that were collected from autopsy, lung biopsies and chest computed tomography (CT) scan are summarized in [Table 3](#tbl3){ref-type="table"} . For patients with HPHTs infection, the general manifestations of the lung pathological change were inflammatory exudation or acute diffuse alveolar damage (DAD), with hyaline membrane formation, fibrin mucoid exudation, interstitial and alveolar edema, inflammatory interstitial infiltration and vascular congestion, epithelial cell proliferation, and pulmonary consolidation. However, there is no fibrin exudate found in the lungs of MERS patients, which may be related to the different stage of the disease progression. Almost all of the virus infections caused bronchioles injury except COVID-19 and H7N9 IAV \[[@bib85],[@bib86]\], presented as the aggregation of fibrin in the bronchial intracavitary, the loss of cilia, the exfoliation of bronchioles epithelium, etc. It was reported that HCoVs were found to be associated with bronchiolitis in immunocompromised people, the elderly and young children, but showed light disease in the lungs.Table 3The pathological changes of the patients after infection.Table 3VirusesHighly pathogenic or highly transmissibleSeasonalSARS-CoV-2MERS-CoVSARS-CoVH7N9 IAVH1N1pdm09H5N1 IAVHCoVsH3N2 IAVDiffuse alveolar damage＋[a](#tbl3fna){ref-type="table-fn"}＋＋＋＋＋--[b](#tbl3fnb){ref-type="table-fn"}NA[c](#tbl3fnc){ref-type="table-fn"}Hyaline membrane＋＋＋＋＋＋--＋The pulmonary interstitial edema and lymphocytic infiltration＋＋＋＋＋＋--＋Fibromyxoid exudation＋--＋＋＋＋--＋Pulmonary consolidation＋＋＋＋＋＋--NABronchiolitis＋＋＋--＋＋＋＋References\[[@bib87], [@bib88], [@bib89]\]\[[@bib61],[@bib90]\]\[[@bib91], [@bib92], [@bib93]\]\[[@bib94],[@bib95]\]\[[@bib96], [@bib97], [@bib98]\]\[[@bib99], [@bib100], [@bib101], [@bib102]\]\[[@bib103], [@bib104], [@bib105], [@bib106]\]\[[@bib107]\][^10][^11][^12]

5. Treatment {#sec5}
============

The RNA virus inhibitors were designed to target the different steps of virus replication cycle. Some of them inhibit virus entry or release, some interfere gene synthesis, and some inhibit virus protease, or some modulate innate immune response, like interferons etc. However, there are no specific drugs for treatment of CoVs infection. Most often used for treatment of SARS and MERS are ribavirin and lopinavir/ritonavir. Ribavirin is similar to guanosine and inosine and interfere viral RNA replication, which is more frequently used in combination with interferons to treat chronic hepatitis C infection \[[@bib108]\]. Lopinavir and ritonavir are two protease inhibitors previously approved for HIV treatment, which usually used together and ritonavir as CYP3A4 inhibitor to enhance the activity of lopinavir \[[@bib109]\].

The suitable medications for COVID-19 are still under search. So far, one of the most promising drugs is remdesivir (GS-5734), produced by Gilead Science, a nucleoside analog that mimics adenosine for previously treatment of the Ebola virus infection \[[@bib110]\]. Health authorities in China have initiated clinical trials at multiple places in Hubei province to evaluate the safety and efficacy of remdesivir on patients. However, under the pandemic emergencies, the patients who recovered from critical situation usually took multiple medications rather than remdesivir, which made assessment of the data from clinical trials somewhat complicated \[[@bib111]\]. Besides of China, Gilead Science started phase III trial. National Institute of Allergy and Infectious Diseases (NIAID) in the US are conducting phase II trial. The French National Institute of Health and Medical Research (INSERM) also evaluated the effect of remdesivir and other treatment on COVID-19 patients \[[@bib112]\].

Another promising drug is chloroquine or its analog, hydroxychloroquine. It was reported that these two drugs may inhibit viral entry by affecting PH dependent endocytosis, and they may also affect viral glycosylation by inhibiting glycosyl-transferases \[[@bib113]\]. They were approved to treat or prevent malaria, as well as rheumatoid arthritis, or systemic lupus erythematosus etc. Moreover, hydroxychloroquine showed fewer side effects than chloroquine \[[@bib114]\]. Several clinical studies on hydroxychloroquine and chloroquine provided fairly satisfying results, better trial designing would be needed to further confirm the therapeutic effectiveness \[[@bib115]\]. Besides of these medications, lopinavir/ritonavir, interferons, as well as the Chinese medicine formulate were also recommended by China for treatment of COVID-19 \[[@bib116]\].

Currently, for clinical treatment of influenza infection, there are only three classes of FDA (Food and Drug Administration)-approved antiviral drugs available, including M2 ion channel inhibitors (amantadine and rimantadine), neuraminidase inhibitors (oseltamivir, zanamivir, peramivir and laninamivir), and the most recently RNA polymerase inhibitors (balxavirmarboxil) \[[@bib117]\].

Amantadine and rimantadine can prevent the virus from shelling in the cytoplasm, thus inhibiting the transmission of virus offspring \[[@bib118]\]. Although developed for many years, it has been reported frequently that they are ineffective in clinical treatment due to drug resistance of almost all currently circulating IAVs \[[@bib119]\]. Furthermore, they have a relatively large side effect on the human central nervous system, thus are no longer recommended by WHO as the first choice of anti-influenza drugs for the treatment or prophylaxis of influenza \[[@bib118]\].

Until now, the neuraminidase inhibitors (NAIs) are still the most ideal reagents for clinical treatment \[[@bib120]\]. NAIs can prevent the hydrolytic activity of neuraminidase when the mature virus leaves the cell after budding, therefore stopping the virus from infecting healthy cells \[[@bib121]\]. However, with heavy use in clinic, widespread oseltamivir-resistant H1N1 H275Y mutants have been identified \[[@bib122]\]. According to a study carried out between 2008 and 2012 by WHO, oseltamivir resistance was found to be 2.9% (16/656 patients) \[[@bib123]\], raising the alert that whether we can deal with influenza viruses once they break through the last line of defense? It has been found that probenecid can prevent the renal secretion of the parent compound of oseltamivir and significantly increase the blood concentration of oseltamivir \[[@bib124]\]. Therefore the combination of oseltamivir and probenecid may be an important treatment option for severe patients.

Balxavir marboxil, with a brand name of Xofloza, can target to viral polymerase acidic protein (PA), block its endonuclease function, leading to the inhibition of virus mRNA transcription and effectively prevent influenza A virus infection \[[@bib125], [@bib126], [@bib127]\]. The antiviral spectrum of Xofloza includes seasonal influenza strains and influenza strains resistant to oseltamivir, significantly reducing the viral load compared with oseltamivir \[[@bib128]\]. T-705 is a new type of RNA polymerase inhibitor which can inhibit a wide range of viruses by directly entering into the viral RNA chain or by binding directly to the viral RNA polymerase domain to block viral RNA chain replication and transcription \[[@bib129],[@bib130]\]. It has been approved for listing in Japan \[[@bib131],[@bib132]\].

With this in mind, it is quite urgent to develop novel anti-influenza drugs with higher antiviral potency and resistance barrier. Hemagglutinin glycoprotein, located on the surface of influenza virions \[[@bib133]\], plays a critical role in virus attachment and membrane fusion. Accompanied with HA structure characteristics elucidated, HA inhibitors appear to be one of the most promising candidates \[[@bib134], [@bib135], [@bib136], [@bib137]\]. With high efficacy and broad antiviral activity, some inhibitors targeting HA such as DAS181 and arbidol are currently in clinical development stage or partly approved for influenza virus infection \[[@bib138], [@bib139], [@bib140]\]. Considering the antigen drift and shift of IAVs, the conserved regions on HA, such as the HA1 receptor binding sites (RBS) and the HA2 stem domain, are more attractive for new drug design \[[@bib141], [@bib142], [@bib143]\]. A number of broad-spectrum neutralizing antibodies targeting above the two domains have been identified. For example, CR9114 exerts a broader antiviral effect against both influenza A and B viruses in mice by binding to HA stem domain, which may be useful for the treatment of severe influenza disease \[[@bib144]\].

6. Prevention {#sec6}
=============

There are many types of vaccines that have been used or are under investigation for human viral disease, such as live attenuated virus vaccine, inactivated whole virus vaccine, subunit or recombinant vaccine, DNA plasmids based vaccine, and mRNA based vaccine. However, there are no available vaccines for prevention of CoV infection. More than 10 years of research on the development of vaccines against MERS-CoV and SARS-CoV indicated that S protein has the ability to induce neutralizing antibodies to stop virus infection \[[@bib145],[@bib146]\], which shines light on SARS-CoV-2 vaccine study.

For development of SARS-CoV-2 vaccine, an intense global effort is currently underway \[[@bib147]\]. So far several vaccines candidates have moved into clinical trials in China. One of them moved into phase II trail on April 12, which was produced by the Institute of Bioengineering, Academy of Military Medicine (NCT04341389) \[[@bib148]\]. The research team led by Professor Chen took the modified replication defective adenovirus as the vector, carried the S gene of the new CoV, to stimulate immune memory of S protein in humans. Their phase I trial was finished on March 27. In total 108 volunteers have completed the centralized medical observation without showing side effects (NCT04313127). In addition, LV-SMENP-DC, a dendritic cells vaccine, transduced with a lentivirus vector expression of several minigenes of SARS-CoV-2 and immunomodulatory genes, was developed by Shenzhen Geno-Immune Medical Institute (SGIMI) in China and used for injection of people along with activated virus antigen-specific cytotoxic T cells (NCT04276896). SGIMI also developed a second one using artificial antigen presenting cells (aAPCs) modified with lentivirus vector carrying similar genes with LV-SMENP-DC (NCT04299724). Two inactivated vaccines were approved for clinical trial as well, developed by the China National Pharmaceutical Group (Sinopharm) and Sinovac Research and Development Co., Ltd (NCT04352608) \[[@bib147],[@bib149], [@bib150], [@bib151], [@bib152]\].

In addition to COVID-19 vaccine clinical trials in China, there are many SARS-CoV-2 vaccine clinical trials underway worldwide \[[@bib153]\], such as a mRNA vaccine, mRNA-1273, produced by Moderna, Inc. in US (NCT04283461); a DNA vaccine, INO-4800 by Inovio, Inc. in US (NCT04336410); Bifidobacterium probiotic carrying S protein gene by Symvivo in Canada (NCT04334980); adenovirus vaccine vector carrying S protein in UK (NCT04324606), etc. Whereas SARS-CoV-2 only started emerging in the human population, S protein, a major direct receptor interaction protein, and other viral proteins may continue modifying themselves to better adapt to humans \[[@bib154]\]. Gene modification will bring more challenges into vaccine designing and development, especially the mutation in S protein which has been picked up by most of the vaccines candidates mentioned above.

Since the first H1N1 IAV vaccine was generated for prevention of the Spanish flu in 1938 by Jonas Salk and Thomas Francis \[[@bib155],[@bib156]\], influenza vaccines have been improved dramatically. There are many types vaccines approved in US with trade names such as FluLaval, Fluarix, Agriflu, and Flublok. A live attenuated vaccine with the name of FluMist was approved by the Food and Drug Administration in US in 2003, and which is delivered through nasal spray \[[@bib157]\]. To decrease side effects, animal and insect cells were also approved to replace chicken embryos for growth of vaccine strain \[[@bib158]\]. To provide protection from most seasonal virus attacks using one shot, multiple dominant viruses were included into one vaccine, such as those containing 3 or 4 different circulating strains and called trivalent or quadrivalent vaccines \[[@bib158],[@bib159]\]. Before a universal vaccine was successfully developed, it is necessary to switch vaccines strains year by year as the prevalent influenza viruses mutate their genes or change their subtypes very frequently to escape from the immune recognition \[[@bib24],[@bib29]\].

Up to now, available commercial vaccines against the IAVs those listed in this article are H1N1, H5N1 and H3N2 IAV vaccines, but not H7N9 flu vaccine. For example, a trivalent inactivated vaccine, TIV, produced by Seqirus Inc., usually has H1N1, H3N2 and B subtype viruses. FluMist, produced by Medimmune, Inc, is also used for H1N1 flu vaccine \[[@bib158]\]. For H5N1 IAV, several inactivated vaccines are approved for human use, such as Audenz produced by Seqirus Inc \[[@bib158]\], Prepandrix produced by GlaxoSmithKline Biologicals S.A \[[@bib160]\]. H3N2 virus is usually a seasonal flu subtype in the last 30 years, of which the vaccine has been recommended for injection according to flu surveillance \[[@bib29]\].

7. Summary {#sec7}
==========

Human CoVs and IAVs share many characteristics, especially in HPHTs. Most of them infect the respiratory tract through direct contact and airway droplets and cause similar clinical symptoms like fever, cough, and sore throat. In contrast, MERS-CoV, H7N9 and H5N1 viruses rarely transmit between humans. SARS-CoV, H1N1pdm09, and H5N1 viruses easily infect younger people. Severe patients usually infected with HPHTs develop bilateral pneumonia, ARDS, respiratory failure, and even death. CT and autopsy showed that the main pulmonary pathological manifestations were DAD, hyaline membrane formation, alveolar and interstitial edema, fibromyxoid exudation, etc. At present, there are no specific and effective drugs or vaccines for the treatment and prevention of CoVs. However, thanks to clinicians' and scientists' efforts worldwide, some promising progress has been made in the treatment of the diseases. Although there are some drugs and vaccines for the treatment and prevention of IAVs, it is still necessary to further research and develop more effective methods of treatment and prevention to better control the influenza epidemic.
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